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ABSTRACT

[_ This document describes the results of an investigation of the

feasibility of developing a method for determining the spatio-

temporal distribution of the population. A model is described

which can be used to determine the location of the population

in Standard Location Areas on an hourly basis. Costs for acqui-

sition of the data inputs to the model and processing of the

model are estimated, and a method for validating the model is

suggested.
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!
i s UMARY

I OBJECTIVE

A study was conducted, the purpose of which was to investigate the feasibility

I of developing a method to determine the spatio-temporal distribution of the

populaLion. Feasibility, in this case, was interpreted tc mean that the method

developed should have two characteristics: one, skilled personnel using com-

puter technology should be able to implement the method- and tw-; co itvolved

in implementing the method should be within reasonable limits.

A model for determining the distribution of the population in Standard Location

1 Areas on an hourly basis was develcped which appears to meet the required con-

ditions.

DATA SOURCEL

The imposed cost limitation required that input data for the model should be

readily available and entail a minimv"M of costly special surveys. Consequently,

Transportation Studies including area Origin and Destination trip surveys which

are available on a nationwide scale, and Federal, state, county and city census

data were the data inputs on which the model was developed.

DESCRIPTION OF THE .JDEL

IA mathematical model was formulated for estimating spatlo-temporal Jistributions

of populations for relatively small areal and temporal umit;. Thw arval units

are Standard Location Areas (S.L.A.),. and the temporal units are hours. The

model was formulated in terms of: (1) a characterization of land use-activities
a.

(residential. commercial, industrial, educational, recreational, etc.); and

62) a characterization of the diurnal variations in people's participation in

these activities. Land use-activities are determined for each small areal

unit (S.L.A.) for which population is to be estimated. The model requires

! ip
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information on numbers of employees, number of residents and number of students,

within S.L.A.'s. In contrast, the diurnal variations are related to the region

or even to the nation as a whole, and are not estimated separately for small

area! units. Accordingly, the inputs to the model are differentiated into two

groups--variables and parameters. Th2 variables, which are specific to the

S.L.A.'s, describe the distribution of activities within the S.L.A.'E. The

parameters are associated with diurnal variations and not dependent upon S.L.A.

lNruia ur I'HE MODEL: VARIABLES

R W the number of non-iastitutional residents of S.L.A.a.

I - Lite number of institutional residents of S.L.A.a.

Eia - the number of employees of industry i located in S.L.A ",

for i - 1, ..., p.

S - the number of elementary and high school students enrolled

in S.L.A.a.

v - the number of special institutions considered separately in

S.L.A.a.

Z ia(t) - the number of persons present in special institution i at time

t in S.L.A.a. for i - 1, ..., v and t - 1, ... , 24.

The subscript irefers to the ath S.L.A. All of the variable inputs dre specific
to S.L.A., but only the variables Z (t) depend upon t. The variables Z (t)

may be introduced if the general methods developed here are not appropriate

for predicting attendance at certain institutions i. an S.L.A., such as a

university, a bathing facility, a stadium. If such an institution accewuts

for a significant proportion of the S.L.A.'s populaticn, it is classified as

special, and data are collected on numbers of persons present by hr'rs of the

day, by means of special surveys. If in S.L.A.a no such special institutions

are considered, then v - 0.

II
I
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INPUTS OF THE MODEL: PARAIMErERS

r(t) = the proportion of residents at home at time t,

for t = 1, .... , 24.

Si(t) = the ratio at time t of persons present (employees

and others) to the total number of employees of

industry i, for i 1 1, .. , and t = 1, ... , 24.

S(t) the ratio of persons present (students, teachers,

and other staff members) to the total number of

elementary school and high school students enrolled,

fo: t = 1, ... , 24.

m.(t) - the proportion of persons that are en route at time1
t on trips that are associated with land use i,

for t = 1, ..., 24.

The parameters do not depend upon S.L.A. Whereas a variable measures the total

amount of land use-activity within the S.L.A., the correspording parameters

describe how this activity is distributed over the hours of the day. To the

extent that a tcmporal distribution of this type is institutional and relates

to national characteristics, parameters that are estimated for one region may

be employed in another. Similatly, if these characteristics are relatively ;IOw

to -hange with time, data for parameter estimAtes need not e too current.

The parameters e1 (t) ad r(t) can be estimated from Origin and Des'i n at l on

Traffic Studies, for which relevant data are collected on all trips taken durlilg

24-hour periods by members of Lhe sample households of Study Areas. Data re-

quired for estimtion of these parameters are generallv Included in these

Trafr t Studies.

OU'TP"TS OF THE MODEl.

M (t) - the number of persons en route in S.L.A. a at time t.

for t - 1, ... , 24.

P t) - the nt,-ber of persons present in S.L.A. i at tlne t,

for t - 1 .. . 24.

-!.
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EC iON OF T4E MODEL

vp
P (t) - r(t) R + Z e 't) Eia + s(t) S + I + E Z i(t) + M a(t)"

Each term of this sum is an estimate of the number of persons present by hour

and land use-activity. The total number present is obtained by summing up

over all the categories.

Several models of this general type were formulated. These differ from each

other with respect to their specifications of inputs. The variable inputs of

these models depend to a large extent on: (1) data which are collected

regularly throughout the nation by the Bur- u of -he Census and by the Bureau

of Labor Statistics; and (2) on data which are routinely collected by School

Boards. The parameters may be estimated (i) irom rtgional Origin and Destina-

tion Traffic Studies which are executed under the iupervision of the Bureau of

Public Roads; and (2) from information from School Boards. The models can

thus be implemented in a uriform way throughout the country and with rela-

tively little additional data collection. More refined models which require

additional investment in data collection are also discussed; whether outputs i.
of such models are suff-ziently improved in accuracy to warrant the additional

costs of implementation cannot be ascertained in advance. t

COSTS L
-he availability and costs for collection of the variable input data to the

model were investigated for one city - Los Angeles. Data processing tech-

niques and costs for parameter estimation were investigated for several

representative Traffic Studies throughout the country. L

t"
41
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CONCLUSION I-D RECOMMENDATION FOR MODEL VALIDATION

It is a conclusion of the report that this model is a potentially useful tool

for predicting population distribution by hour of the day and by S.L.A. In

formulating the model, an effort was made, on the one hand, to restrict input

requirements to generally available data, so that the model could be implemented

in towns and cities throughout the nation with a minimum of supplementary data

collection. And on the other hand, the model was designed co as to utilize all

regularly collected relevant statistics, as well as results of relazed special

surveys which may have been made in individual regions. The goal was to develop

a model that is sufficiently flexible to include as inputs, wherever possible,

supplementary local data on population distribution, as well as routinely col-

lected population and employment statistics of the U.S. Census Bureau and the

Bureau of Labor Statistics, school attendance records of school boards, and

information derived from Origin and Destination traffic studies.

The next stage in this process of model development is to implement the model

and to compare model outputs with those obtained in some other fashion. A

relatively cheap method for accomplishing this task is recommended; this method

utilizes Origin and Destination traffic study data for making the necessary

comparisons.

16
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INTRODUCTION

Knowledge of t.- location and movements of people within a city is of extreme

ir::portana, to a number of agencies involved in civic administration, planning,

comm ,rcial and industrial activities, and civil defense. Traffic engineers

nc..d da ta o tile movement of people and traffic flow to determine the optimum

location of streets and highways. City planners require such data to plan

for future development in terms of the land-use distribution needed to accommo-

date a burgeoning population. The retail merchant needs to know the shoppingI
travcl patterns of the population he expects to draw on. Industrial interests

whici, while less interested in the proximity of markets, are very interested

in the residential location and accessibility of a pool of employees. In

general, administering and improving the city, and planning for future growth--

public. transportation, utilities, schools, recreational areas--presupposes know-

ledge of not only where people live, but of where they engage--and prefer to

engage--in all the activities that comprise their lives.

For thL pu;rposes of many of the agencies discussed above, population locations

and movemcnt patterns in terms of gross trends, diurnal and seasonal variation,

for large areas of the city are sufficient. For the purposes of civil defense,

how'ever, ;iuch finer detail--hourly fluctuations in small areal segments-- is

JIn civil defense the need for dynamic population data is for purposes of warning,

sheltering, evacuation and casualty estimation.

* For warning, the interest ,; in determining an optimum complement

of warning methods and warning systems. For this purpose, data in

terms of the population of people who are situated so as to hear

public siren systems, radio alerting and warning messages, and insti-

tutional warning systems is desired.

1.
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* For Community Shelter Planning (CSP) there is a need to know how people

are distributed in relation to available fallout shelter, recognizing I
that such distribution may Giange greatly at different hours of the

day and days of the week.

* For evacuation and casualty estimation the population distribution 1
data has to be in even finer grain than that required for warning and

shelter. Where planning for warning systems and shelter has been pro-

ceeding with available gross population data, for either natural or I
man-made disasters, data on small area population distribution must

precede any substantive planning for evacuation and casualty estimation.

Various contractors to the Office of Civil Defense have attempted to locate

the population in time and space concomitant v th work in these areas--warning,

shelter and casualty estimation. For instance: in the CSP for New OrleansThe

Regional Planning Commission (1968) attempted to estimate resident, peak day- 1
time, and nighttime population distributions; in a study of nuclear damage to

New Orleans, Dikewood Corporation (1968) estimated the distribution of the I
total population and the distribution of key personnel; and, for a survey of

outdoor warning, SDC (1968) tried to estimate the proportion of people out- 1
doors at various times of the day.

None of the methods used in these studies for determining population distribu-

tion have been entirely satisfactory, mainly because estimates were for gross

time intervals and geographic areas. Consequently, OCD has asked SDC to inves-

tigate the feasibility of developing a method that would provide population dis-

tribution data for Standard Location Areas in short time intervals. The scope 3
of the study as defined in the contract is as follows:

"SCOPE OF WORK: The work to be performed will include:

(1) A survey and collection of data available in the distribution of

population versus time, and a survey of techniques and methods available 3
for extrapolating and predicting spatio-temporal population distribution.
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(2) The development of appropriate categories for organizing the dataFcollected.
(3) Fitting the data collected in (1) above, to the categories developed
in (2) above.

(4) Development of methods that can be used to adapt spatio-te-poral
population data, and predictive techniques, to various classes of cities
and parts of the :ountry.

(5) Development of models of the spatio-temporal population distribution
for one or more types of cities, and [determination of] data gaps and
[analysis of] their overall significance for warning and shelter.

rThe feasibility study is intended to include a determination of

1. What data are required
2. The location or sources of the data
3. The relative availability of the data and its -redibility

4. The means for acquiring the data
5. The cost of acquisition

The study should also assess the sensitivity of population movement and
location determinations to partial acquisition, degradation, or the com-
plete absence of specific data and the degree of confidence in study
results that can be expected from the acquisition of varying amounts and
quality of input data to include an estimate of the percentage of the
population whose location can probably be predicted.

IIt should be noted that the study is not directed to any particul- city
or community. Rather, the general parameters involved in consideration
of date-time and geographical regions should be assessed and a coarse
grained initial population movement and location of assessment technique
should be developed. The technique would provide for modifications that
regional and other ecological factors may be expected to impose so that
with proper consideration of the variables, the technique could be
applied to any representative community."

IIn this document the results of this investigation are described. In the

following chapter the relevancy of available data is discussed; in Chapters II

and ili models for determining the spatio-temporal distribution of the popula-

tion are described; Chapter IV estimates the costs involved in data acquisition

[and running the model; and in the final chapter a method is recommended for
testing and refining the model.L

tI
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m CHAPTER ONE

RELEVANT DATA
sq

In analyzing the feasibility of developing a method to determine the spatio-

temporal distribution of the population, the approach taken was that a method

would be feasible if it met two conditions: (1) the method should be suffi-

V ciently simple and straightforward that ski-led personnel using available com-
puter technology could use it; and (2) the costs of data acquisition and ruiming

pof the model should be within the limits of a foreseeable Office ot Civil Defense

budget.

The model itself is described in the next chapters; here, the kinds of data to

be used with the model are discussed. To a large extent the kind of data that

were available determined the nature of the model. This study was not viewed as

an academic exercise requiring an elegant solution; instead, a very practical

T method in terms of technology and cost was sought. Consequently, very early

in the study, concentration was on a methodology that could utilize mainly

data that were fairly standardized, representative of all parts of the United

States, and available. Available, that is, in the sense of being already

collected by some agencies and not requiring costly, special surveys.

Much of the data finally decided upon, on which to build the population dis--

[tribution model, have the required characteristics. These data are: Federal,

state, county and city census data; and, Origin and Destination survey data

collected by city transportation departments. For a long time Federal census

data has been the most standardized and dependable data collected on a national

scale. State, county and city census type data, particularly employment,

business and school data, are becoming more universally collected and more

standardized, and the trend is for continuance in this direction. Today,

3 almost all of the metropolitan areas of the country are surveyed in the Origin

and Destination studies and very sizeable samples of the population are used.I
I
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Census information is in a sense static. Data are provided on the resident,

institution, employee and student populations. Origin and Destination data,

on the other hand, are dynamic. Information is provided on the movement of

people--when they go to work, where they leave from, where they go, and when

they leave. From the one--census type data--the variables of the model are

derived; foom the other--O & D data--the parameters are derived. The manner

in which both kinds of data are used in the mod,.,! and costs of acquisition

are described in the following chapters.

Although these are the data used, other data and methodologies were of interest

and influenced the development of the model. In general, however, other methods

were found to be too costly in their requirements for data acquisition. The

work done for the Federal Civil Defense Kdministration by the Bureau of the
1

Census in 1956, for instance, required special surveys to determine the rela-

tion of total employment to workers and others present in retail and industrial

establishments. And this, at what today would be great cost, was only to help

determine one peak hour population distribution in a few cities. In another

example of an older population study, Weir (1960), page 655,says in his survey

of the daytime population of Winnipeg,"Were it possible at a specific time

during a typical working day to bring the inhab'tants of a metropolitan area

to a standstill, and then by means not yet devised make a simultaneous count

relative to location, the result would be an accurate census for that particular 1
time. Such is beyond all bounds of practicability. A realistic alternative

is to make a canvass of all places where people dwell, work, study and play,

and in addition to count transients on streets, in stores and public buildings.

Even this would be a task more formidable than the decennial census." However,

the method actually employed by Weir, a component survey, is also congidered

too costly for our purposes, although such a method might be used for validation r
i. This method is discussed in Chapter TI.

I
I
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purposes. Weir divided the city into land use areas. Then a survey of every

business and Industrial establishment was made on a block-by-block basis.

Counts of pedestrians and vehicles were made. Residential, nighttime population

Acounts were based on the 1951 Federal Census and a sample cf blocks was enumerated

to discover the numbers at home during the day time. In this way a ratio between

nighttime and daytime population was obtained and applied to the nighttime popu-

lation of all the tracts. By totalling and correcting the various components

of his survey, Weir was able to estimate a daytime population count.

-- course, part of the problem in the older rnthcdolcgl.,: f.i detentining popu-

lation distribution was that good, uniform and universal data, other than

-. Federal Census data, simply were not readily available. Although several years

ago the possibilities in using data collected by the transportation departments,

especially data from Origin and Destination surveys and Cordon counts 1 was

recognized, intil very recently such data did not cover the country and was

not very standardized. And also, of course, the perspective of these earlier

studies was not to develop a method for determining hourly distributions

throughout the country.

Another kind of study, T re-Budget studies, provides data which could be used

Lt determine population distribution, but here too, available data is insuffi-

i cient and special surveys would be prohibitive. Time-Budget studies are con-

ducted in most industrialized countries of the world including the United

SStates. In the United States studies of this type began in the lthirties, 2

usually in an endeavor to determine the time spent on various activities

j by particular groups or classes of people. Recently, the United States has

been taking part in an international Time-Budget research program under the

I auspices of the United Nations Institute for iraining and Research (UNITAR), 3

1. See Bureau of the Census (1957) and Institute for Research in Social Science
(1952). In Chapter II these studies and their influence on th. present model

are described.

2. See, for example, Lundberg (1934) and Sorokin (1939).

J 3. See Robinson (1967), Rokkan (1966), Szalai (19b6).

MIM(19),
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I
The Time-Budget studies might be said to be complementary to the transportation j
studies--Origin and Destination surveys try to identify movement patterns--Time-

Budget surveys attempt to get at activity patterns. Specifically, the UNITAR

Time-Budget Project has initiated a comparative study of the distribution of

time spent on various activities by different populations. In the United

States the work is being done at the Surv2y Research Center of the University 1
of Michigan. To date, there has been a survey of one small city in Michigan

and a national survey using 1500 respondents. Through conversations and T

correspondence with Alexander Szalai of UNITAR and Philip Converse of Michigan,

we have d ctri.... th, the i ......a collected would be made available at

minimal cost. However, although the data include not only whaL activities

were engaged in but also where and when, the sample surveyed is too small to

provide useful information for this project at this time. Later perhaps, the &

Time-Budget survey data might be used to compare gross trends and patterns

of activities as these are derived from the model; or, should there be cases

in the future where the same city s described by both the model method and

a Time-Budget analysis, there exists the possibility of checking the one against

the other.

Other literature surveyed was of interest, although at this stage it was of

heuristic value only. Such studies as Alford (1965), Arnold (1964), Deutsch

(1961), Goldstein (1964), and Smith (1959) are so fragmental, dealing with

only one aspect of population distribution--the 'Journey to work,' or 'residen- r-
tial location and urban mobility,' for instance--that they were of little help

in either providing a methodology or a source of descriptive data. Other

studies--Bureau of Public Roads (1965a), Cani (1961), Fidler (1967), Fisher 1
2

(1966), for example--were of relatively immediate help in evaluating the nvail-

able data and in model construction.

1. See Bbliograp,y for others.

2. See Bibliography for others.
2. Se Bbliorapy fo oters

I
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Though some of the literature surveyed was not immediately useful at the

present stare of invest ition, economic, social and psychological studies

may be helpful in the analv;i:s of outputs generated by the model. The dis-

tribution of the population in a city at any hour responds to the topography

and the distril-ution of ficilities within the city; and the land uses in the

city are influenced by activity patterns of groups of individuals. Studies

of interrelationships among these factors may assist in the interpretation

of data, and in anticipating changes in the distribution of population in

response to changes in the physical and social environment.

1I

I
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CHAPTER TWO

THE GENERAL MODEL

INTRODUCTION

In this chapter, d nathematical model is formulate4 for estimating spatio-

temporal distributions of populations for relatively small areal and tempo-ral
1

units. The areal units are Standard Location ALas (S.L.A.), and the temporal

units are hours.

It is assumed that the presence of an individual in a given S.L.A. at a riven

hour is a function of (1) the activity he is -'ngaged In, and (2) cortain insti-

tutional and sociological patterns which result in his participating, in the

given activity at the given hour.

Each of these factors is treated explicitly in the model; inputs related to

these two factors are then combined t, obtain the outputs. The model is tormu-

lated in teri:.s of (1) a characterization of land use-activities (re.idential,

orzmer,'ial. industrial, educational, recreational, etc.); and (2) a c aracteri-

zation of the diurnal variations in people's part icipat ion in these activities.

The term "land use-activit,," is introduced here, for, in this analysis, activi-
-)

ties are differentiated accordine to their land uses.' For example, all activi-

ties; within the hor7( are residential. Similarly, eating in a restaurant is
V

,'atevorized is retail activity; working in or visiting a factory are associated

with industrial activitv; and so on. Land use-actA'iL les are deter-nined for

each s-all areal unit (S.L,.A.) for wtich populatior i3 t. le estimated; the

I. In tracted areas, S.L.A. 's are Renerally the same as Census Tract;, See1 Bureau of the Census (1962a).

2. It is important to distinguish between this approach and one which focuses
directly on the individual's activities such as eating, dressing, etc. See,
for example, Sorokin (1939), Szalai (1966), and Robinson (1967).

I
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moc-l requires such information on these activities as number of employees,

number oc residents and number of students, within S.L.A.'s. (It may be noted I
that to obtain outputs at a given level of detail, it is, in general, necessary

to employ some inputs at the same level of detail.) In contiast, the diurnal I
variations are, to a large extent, related to the region or even to the nation

as a whole, and are not estimated separately for small areal units. Accordingiy,

the inputs to the model are differentiated into two groups--variables ana param-

eters. The variables, which are specific to the S.L.A.'s, describe the distri- [
bution of activities within the S.L.A.'s. Parameters are associated with diurnal

variations and are not dependent upon S.L.A.

The feasibility of utilizing this type of model throughout the country depends,

in part, upon the extent to which this dichotomy of inputs can be established

without impairing results. It depends also upon the quantity and quality of the

inputs that are required, and upon their availability.

The formal structure of the models is described below. Several models of this

general type are introduced in the next chapter. These differ from each other

with respect to their specifications of inputs. The degree of detail specified

for inputs, e.g., the level of aggregation for land uses, will generally affect

outputs. The variable inputs of these models depend to a large extent on (1) data

which are collected regularly throughout the nation by the Bureau of the Census

and by the Bureau of Labor Statistics,and (2) on data which are routinely cdllected

by School Boards. The parameters may be estimated (1) from regional Origin and 1.
Destination Traffic Studies, which are conducted under the supervision of the

Bureau of Public Roads,and (2) from information from School Boards. The models 1"
may be implemented in a uniform way throughout the country and with relatively

little additional data collection. More refined models which require additional

investment in data collection are also discussed; whether outputs of such models

are sufficiently improved in accuracy to warrant the additional costs of imple-

mentation cann.,t be ascertained in advance. It s necessary to test !' se models

by implementing them and comparing results before such questions may be answered.

I
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THE GENERIC MODEL

INPUTS OF THE MODEL: VARIABLES

The following variables are inputs to the Model:

R - the number of non-institutional residents of S.L.A.a.

I - the number of institutional residents of S.L.A.a, as

defined by the Bureau of the Census.

Ei0 - the number of employees of industry i located in S.L.A.a,

for i 1 ,..., p.

S a the number of elementary and high school students enrolled

in S.L.A.a.

v the number of special institutions considered separately in

S.L.A..

Z ia(t) the number of persons present in special institution i at time

t in S.L.A.a, for i - I,..., v and t - 1,..., 24.

The subscript a refers to the cth S.L.A. All of the variable inputs are specific

to S.L.A., but only the variables Z ia(t) depend upon t.

The variables R, I , S are self-explanatory; they are measures of land

use-activities within the S.L.A. The variables Z i(t) may be introduced

if the general methods developed here are not appropriate for predicting

attendance at certain institutions in an S.L.A., such as a university, a

[bathing facility, a stadium. If such an institution accounts for a significant

proportion of the SL.A.'s population, it is classified as special, and data are

collected on numbers of persons present by hours of the day, by means of special

surveys. If in S.L.A.a no such special institutions are considered, then v - 0.

i.
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INPUTS OF THE MODEL: PARAMETERS [
The following parameters are inputs to the Model:

r(t) = the proportion of residents at home at time t, for

t - ,..., 24.

e.(t) - the ratio at time t of persons present (employees and

others) to the total number of employees of industry i,

for i = 1,..., p and t = i,..o, 24.

s(t) = the ratio at time t of persons present (students, teachers,

and other staff members) to the total number of elementary

school and high school students enrolled, for t = 1,.., 24.

T1i(t) = the proportion of persons that are en route at time t on trips
ir

that are associated wi 'i land use i, for t - 1,..., 24. This

parameter is defined in the section below, ESTIMATION OF

OUTPUT M (t).

The parameters do not depend upon S.L.A. Whereas a variable measures the total

amount of land use-activity within the S.L.A, the corresponding parameters

describe how this activity is distributed over the hours of the day. To the

extent that a temporal distribution of this type is institutional and relates I
to national characteristics, parameters that are estimated for one region may

be -mployed in another. Similarly, if these characteristics are relatively slow f
to change with time, data for parameter estimates need not be too current. r
The main source of such data are Origin and Destination Traffic Studies. During

the past two decades traffic surveys have been carried out, under the supervision

of the Bureau of Public Roads, in urban areas throughout the country. 1 In these

surveys relevant data are collected on all trips taken during a 24-hour period

by members of the sample households of the Study Area.

1. See Figure A-1 of the Appendix.

I
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OUTPUTS OF THE MODEL

The outputs of the Model are:

M (t) - the number of persons en route in S.L.A.a at time t, for
a

P (t) - the number of persons present in S.L.A.a ac time t, for

t = 1,..., 24.

EQUATION OF THE MODELr

I The number of persons present is computed from the equation:

p' V

P (t) r(t) R + Z ei(t) E + s(t) S + I + Z Z1 (t) +M (t)
i-l i a a

Each term of the above sum is an estimate of the number of persons present by

hour and land use-activity. The total number present is obtained by summing

up over all the categories. Outputs for different seasons and days of the week

may be calculated by employing inputs for corresponding seasons and days of the

week; the form of the model does not change. Also, if, in a particular S.L.A.,

data are available on persons present by hours of the day for some institutions

within a land use category, the model is sufficiently flexible to utilize this

information. These institutions are classified as special, and the data are

t. recorded as Z ia(t); in addition, the number of employees (or residents, or

students) of this special institution are subtracted from the appropriate land

use-activity.

ESTIMATION OF THE OUTPUT Ma (t)

In order to run the model, it is necessary to estimate M (t), the number ofa

persons en route at time t in S.L.A.a. The following procedure for making

these estimates utilizes trip data from an Origin and Destination Traffic Study.

I
I
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Let n be the number of residents included in the Traffic Study sample. Let

n m(1 )(t) be the number of trips en route at time t with origin in land use i;

let n m(2) (t) be the number of trips en route with destination in land use i.iIle= (m)+im(2

Let mi(t) = (M(1)(t) + m(2)(t))/2. Let N = E R , where the summation is over

all the S.L.A.'s in the Traffic Study area. Distribute the quantity N mi (t) II
i

among the S.L.A's, in proportion to the model estimates of the number of persons

present in land use i at time t; let the result of this distribution be Ti (t)

Then M (t) = Z T (t), where the summation is over all land uses.

HISTORICAL BACKGROUND

Studies of spatio-temporal distributions have been conducted by the University I
of North Carolina (1952) and by the Bureau of the Census (1956). Sources of

data for the former study were Traffic Studies, whereas sources for the latter
I.

were Census surveys and specially designed surveys. The impact of these studies

on the formulation of the present model will be discussed briefly, for some of

the results obtained in these studies are of significance to the present

investigation.

In the University of North Carolina Study, four types of functional areas were

defined: Commercial, Industrial, Residential, and On-Streets. Distributions 1.
of people present at each hour of an average summer weekday for each of these

functional areas were obtained for the following five cities: Erie (1948), U
Flint (1950), Grand Rapids (1947), Minneapolis-St. Paul (1949), and Philadelphia-

Camden (1947). The data used for this study were obtained from Origin and Des-

tinaiion Traffic Studies for these cities. Each traffic zone or subzone was

assigned to a land use category. For zones of mixed land use, assignment was I.
made to the more extensive land use category if it characterized 40 percent or

more of the zone's Prea. Thus, the study is concerned with areas of mixed land

use, rather than pure land use. [

I lli
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One of the questions to be answered in connection with the present model is

i the extent to which parameters derived from one region may be used in another

region. In the North Carolina Study, comparisons were made among the cities

studied of each of the following two distributions: (1) the spatial distribL

tion of population among these functional areas at the same time and (2) the

temporal distribution of population over the hours of the day for the same

functional area. Considerable variation between cities was evidenced; in fact,

it is a conclusion of the Study that the differences among cities were too large

to lend themselves to useful generalizations about either of these distributions.

TThe first of these distributions--the spatial distribution of population over

land use categories at a given time--may be expected to differ widely among

I, cities for it is dependent upon the land use patterns of a city. The rationale

which underlies the present model is entirely consistent with this result; for,

Fin the present model, each land use is treated separately and results are com-

bined in accordance with a measure of the importance of each land use-activity

(e.g., employment, school enrollment) in the S.L.A.

With regard to the second distribution--the temporal distribution of population

I- in a given land use, the Study's conclusion about the magnitude of regional

differences is of intercst to the model. This result may be due to the utiliza-

j tion of mixed rather than pure land use areas; the authors ruled out this

explanation but it is not clear from the report how strong their evidence was

11 for doing so. Another possible explanation is that the land use categories are

too broad, e.g., the mix oi commercial land use and activities may differ con-

siderably among the areas. An analysis with less aggregated land use categories

would be needed to test this hypothesis.

It was decided to pursue this matter further and to review the data upon which

this conclusion is based; these are contained in Table A-1, Appendix A, of the

University of North Carolina (1952) report. The data of this Table were con-

verted so as to obtain for each city and each land use the ratios of the number

I
I
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of persons p esent at the hours of the day to the number of persons present at

4 P.M. The results, which are hown in Tables A-1-4 of the Appendix below, were [
analyzed statistically. Computer outputs are displayed in Tables A-5-8 of the

Appendix. It was found that for each of the land use categories, variation [
between times was significantly greater than variation between cities.

This outcome provides inductive support to the conjecture that parameters

derived from one region may be used for other regions without serious impairment U
of model outputs.

In studying the parameters of the model, we may consider separately (1) the

relative numbers of persons present in a given land use at the different hours

of the day, and (2) the use of the number employed in the land use as a predic- "

tor of the number of persons present at a given time. The discussion above is

concerned with the first of these factors.

In the Bureau of the Census (1956) Study, attention is focused on the second of

these factors. Estimates are made of ratios of the number of persons present

at 2:30 P.M. (the time at which the maximum number of persons are away from

home) to number of persons employed, for four cities (Houston, Milwaukee,

St. LouD> and Washington) and the following land uses: (1) residential, (2)

retail, (3) finance, insurance, real estate, (4) manufacturing, and (5) all I
others. The means and standard deviations of these estimates are listed in

Table A-9 of the Appendix. £
The data of Table A-9 exhibit differences between S.L.A.'s in the Central

Business District and those outside of the Central Business District. In the

present model it is assumed that such differences are due primarily to the use

of highly aggregated land use categories; the mix of land uses within a broad

land use category may differ considerably between S.L.A.'s within and outside

of the Central Business District. The solution within the framework of this

model is c:o disaggregate land use. The effectiveness of such disaggregations

[
I



I|

20 December 1968 33 TM-L-4146

may be ascertained by experimentation, e.g., by implementing the model for
different levels of aggregation. If such efforts prove unsuccessful, one may
consider modifications of the model in which parameters are estimated separately
for the tvo types of S.L.A.'s. In fact, it may be necessary to go further and
utilize a more complex typology of S.L.A.'s, and to estimate separate sets of
parameters for each type of S.L.A.; this problem is discussed in the next

Chapter.

The problem of trends in parameters will require investigation. In this con-
nection it may be noted that Breese (1964), in an analysis of trends in hourly

fluctuations, found that the maximum hour of arrival in the Central Business
District of Chicago changed from 7:00 - 8:00 A.M. in 1916 to 8:00 - 9:00 A.M.

forty years later.

VARIANTS OF THE MODEL: ALTERNATIVE METHODS OF ESTIMATING THE NUMBER OF
PERSONS AT HOME

In the present model the estimate of the number of persons at home at timz t in
S.L.A.a is the product of the parameter r (t) and the number of non-institutional

residents, R

If the populations of all the S.L.A.'s of a region nre to be estimated, it may
be preferable to make these estimates in such a way that the sum of the popula-

tions of the S.L.A.'s of the region is equal to known control totals. Accordingly,

one may wish to restrict the outputs P (t) so that

r: £ P (t) E E R + E I + D(t),

where D(t) is the net increase of persons into the region at time t, and the sum-
mation is taken over ali S.L.A.'s in the region. In this case, the number of
persons present in the region, E P (t), equals the total number of res'.ate plus

athe net increase. If t c region for which the population estimates are made is

4
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I

sufficiently large and self-contained, the quantity D(t) will be negligible in

comparison with the quantity E R , i.e., people who live in the region also Jct c

work there, and vice versa. I
The requirement of consistency w-ith control totals was made by the Bureau of

the Census for its estimates of peak-daytime populations. Instead of obtaining

a separate measure of residents at home, as in the present model, this was

obtained as a residual. Two residual methods may be employed. r
1. Define r (t) by the following equation;

Pv U
, p ci I

r (t) (ZR a ) = ZR +D(t)- E (Z ei(t) Ei +s(t) S+ z zi (t) + M (t)).
Ct Ct a i=l i=l "

The estimatc of the number of residents at home at time t in S.L.,,.a is

r (t) R

2. Let H(t) be the number of persons at home at time t in the entire region.

H(t) E IR + D(t) -E (Z e (t) E i+ s(t) S + E Z (t) + M (t)).
ci a i,-I i:

Distribute H(t) among S.L.A.'s in proportion to the number of residents not

attending school and not employed. This method may be preferable to the one [
above for peak-daytime hours, but Is not to be recommended for other times.

It was used by Pureau of the Census (1962) for estimating peak-daytime popula- [
tions for the followinp five metropolitan areas: Grand Rapids SMSA. Omaha

SMSA, Pittsburgh SMSA, San Antonio SMSA, and San Mateo County. j

~I
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VALIDATION OF THE MODEL

The theoretical basis for this model has been analyzed above. The structure

of the model has been scrutinized with respect to the role of land use infor-

mation in predicting spatio-temporal population distributions and with respect

to the dichotomy of inputs into those that relate to the land use or industry

mix within S.L.A.'s and those that depend upon institutional and psychological

factors which are regional or national in character. The model formulation

was found to be consistent with results obtained by other investigators. In

addition, computations based upon available data on regional variation of the

parameters, which are described above, indicate that it may be feasible to

employ for a given region parameters that have been estimat-d for a different

region.

The proof of the pudding, however, is in the eating. To test a model it is

necessary to compare model outp-ts 'vth the real worl. This entails (1)

running the model--estimating parameters rnd variables and computing outputs

in accordance with the relations postulated in the model; and (2) obtaining

real data on population distributions for exactly the same region and time

I that was used for the implementation of the model. Clearly one way to obtain

such data is to enumerate persons present in S.L.A.'s for the different timesI
of the day. Enumeration in a reasonably sized sample--say 200 S.L.A.'s--

would be fairly expensive as ,ell as difficult. An alternative is a :amille

survev to estimate the total populations. This method is feasible and would

give independent estimates which could be c'-ipared with the model outputs. If

properly designed, It could provide information on the sources of error In the

.odel's outputs, e.g., on variations of parameters between S.L.A.'s and of

variables within S.L.A.'s.

There is, however, a th.'rd and much cheaper alternative for validating the

model, namely, the utilization of an appropriate Ortin and Deqtination Traft<Ic

Study to make the required comparisons. Fairly good estimates of the nurmber of

t. 4
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persons present !n S.L.A.'s by time of day can be obtained from the results of

Traffic Studies. As is indicated below, such information could be readily

obtained once personal record files are established; this involves the sorting

of trip files by persons. Once this has been accomplished, tabulations by I
area and time w uld yield the required estimates. Since the number of persons

interviewed is quite large (e.g., in the Los Angeles Regional Transportation T
Study (LARTS) area members of 35,000 househelds were interviewed), the preci-

sion of such estimates does not present a problem. These estimates can be com- [
pared with model outputs that are obtained for the region and time covered by

the Origin and Destination Traffic Study. Thus, values of the variables would 1
have to be obtained for the same year and the same S.L.A.'s that were investi-

gated in the Traffic Study. The parameters of the model may be estimated from

this same Traffic Study or from Traffic Studies from other regions and other
times. Comparisons should be made both ways. The latter type of comparisons

will provide some indication of the effects of variotions in parameter values

hetween regions and between times on the outputs of the model. All of these

comparisons should be made using the different forms of the model, that is,

using various levels of aggregation of the model inputs.

On the basis of tesas of this type, conclusions may be drawn with respect to I
the validity or usefulness of the model. And, furthermore, the results obtained

riiv indicate new dire( :ions for future research on the spatlo-temporal dis- I
tributions of persons, as well as modifications and improvements oz the model.

r-
The testing phase, it would seem, is. therefore, the next stage In this model- 1.
development process. X

I

I
I
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I

CHAPTER THREE

IMPLEMENTATION OF T'HE MODEL

MODEL I

j In Model 1, which is a special case of the general model, the level of aggrega-

Lion employed is det,2rmined primarily by considerations of data availability.

An effort was made to restrict the input variables to data that are collected

regularly throughout the United States by existing agencies. Where the data

are not tabulated by S.L.A., such tabulations may be obtained from the ,:ollecting

agencies. In urban areas the data needs of this model overlap to a large extent

with those of existing organizations, such as regional and city planning associa-

tions and Traffic Study agencics. As a result, tabulations of the type requLred

f - this model have been rride in many urban areas. This is a considerable

advantage, for in some cases necessary data already exist on tape; and, further-

more, experience in processing the data and in utilizing the tapes may be expected

to result in improved techoiques for data handling and in greater accuracy.

I his model may be considered to provide a first z-pproyimatin t , the results

required. To a large extent it relies on inp,.L variablcs that can t'e estimated

by means of regui,'rly conducted surveys by governmental agrucies iod does not.

require spe ial surveys. The :everity of such limitations or inputs is costly

in t ms of the ctricture if the model, Explicit accounting of factors 0hat

may be important in dete:minlng population distributions cannot "e made; industile-;

ane land uses are highly aggregated. The co-st savings in data acquisition may

or may not be offset by these limitations on the model structure. The gain In

accuracy of the mcdel's outputs from greater disaggregation cannot be tstimated

in advance. ir is necessary to run the model for mcre than one level of aggrega-

tion and to compare results.

I
£
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The inputs, outputs and equation of the model are as follows.

INPUTS OF THE MODEL: VARIABLES

R = the number of non-institutional residents of S.L.A.cx.

I = the number of institutional residents of S.L.A.c,.

El = the number of employees in retail trade located in S.L.A.a.

E = the number of employees in manufacturing, mining, construction, "

transportation, communication and other utilities located in

S.L.A.a.

E. = the number of employees in wholesale trade located in S.L.A.a.ja

E4a = the number of employees in finance, i-*urance, and real estate

located in S.L.A.a.

E5  the number of employees in all other industries located in

S. 1 A. a.

S = the number of elementary and high school students enrolled in

S.L.A.a.

v a the number of special institutions considered separately in

S.L.A.a.

Z ia(t) = the number of persons present in special institution i at time I
t, for i = 1, ... v .

INPUTS OF THE MODEL: PARAMETERS (for t - 1, ..., 24)

r(t) - the proportion of residents at home at time t.

e (t) = the ratio at time t of persons present (employees and I

others) to the total number of employees in retail I
trade.

[
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e,(t) the ratio at time t of persons present (employees and others)

to thv total number of employees in manufacturing, mining,

construction, transportation, cormmunication, and other

utilities.

e 3(t) = the ratio at time t of persons present (employees and others)

to the total number of employees in wholesale trade.

e 4(t) the ratio at time t of persons present (employees and others)

to the total number of employees in finance, insurance, and

real estate.

the ratio at time t of persons present (employees and others)

to the total number of employees in all other i-dustries.

s(t) = the ratio at time t of persons present (students, teachers,

and other staff members) to the total number of elementary

school and high school students enrolled.

m!(t) - the proportion of persons that are en route at time t on trips

that are associated with residential land use.

m 2(t) - the proportion of persons that are en route at time t on trips
2that are associated with schools.

m 3) - the proportion of persons that are en route at time t on trips

that are associated with retail trade.

S4 (t) - the proportion of persons that are en route at time t on trips

that are associated with manufacturing, mining, construction,

[i transportation, communication and other utilities.

m 5(t) = the proportion of persons that are en route at time t on trips

that are associated with wholesale trade.

m 6(t) = the proportion of persons that are en route at time t on trips

that are associated with finance, insurance, and real estate.

I R
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m.) the proportion of persons that are en route at time t on trips

that are associated with all other land uses.

The parameters m i(t) are defined on page 23, in the section ESTIMATION OF THE [
OUTPUT M UL).

OUTPUTS OF Ti.j7 *OL

M(t) the number of persons en route in S.L.A.a at time t.

P (t) = the number of persons present S.L.A.a at time t.

EQUATION OF THE MODEL
5 v

P (t) = r(t) R + I + E e (t)Ei + StS + L Zi(t) + Ma(-), )
inI i-l

for t - 1, ... , 24.

DATA SOURCES FOR INPUT VARIABLES

The data on number of residents may be obtained from the Bureau of the Census.

For urban areas it is updated by special population censuses or by local planning I
agencies. If further updating is required, this should be requested from an

appropriate planning organization so as to best utilize the experience in demo-

graphic estimation which has been gained by local or regional planners in -ecent

years.

The data on total number of employees can be obtained from the Bureau of Labor

Statistics, in collaboration with the State Departments of Employment Security. I
Quarterly data on employment are collected by the latter agency in accordance

with sampling procedures established by the former. Though respondents participate L
on a voluntary basis, estimates are considered to be quite reliable. Many years

of working with these samples have enabled the Bureau of Labor Statistics to

make corrections for regional idiosyncracies in reporting for non-responses,

[
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and so forth. The employment reported is that covered by Unemployment Insurance,

which is about 90% of non-agricultural employment. It is suggested that tabu-

lations of employment by S.L.A. be requested from State Departments of Employ-

ment Security. Corrections may be necessary for (I) lack of complete coverage,

and for (2) address of multi-plant manufacturers. Employers may report the

address of company headquarters rather than of the plant, and this would require

correction unless both were in the same S.L.A. Such corrections should be made

* in collaboration with the State agency.

F The data on school evrollment are collected by school districts. In general,

1, these are not tabulated by S.L.A.; however, the correspondence of school

addresses to S.L.A.'s may be established by fairly inexpensive clerical work.

For example, it has been estimated that this task could be carried out for the

schools of Los Angeles County in one man-week of work.

The data on special institutions within the S.L.A. are obtained by means of

I surveys. A single survey may, however, piovide data for a large number of

S.L.A.'s; for example, in Los Angeles the Hospital Planning Association of

Southern California collects some of the necessary information for hospitals

in six Counties.

ESTIMATION OF PARAMETERS: s(t)

Data on public elementary and high schco'ua ere generally collected at the school

jdistrict level. Estimates of the parameters s(t) may be based upon school hours

and average daily attendance figures. This information is generally available

from school districts.

ESTIMATION OF PARAMETERS: r(t), ei(t)Ii
In the past two decades, Origin and Destination Traffic Studies have been con-

ducted in numerous urban areas throughout the country. (A listing of these

studies is included in the Appendix, Figure A-1.) The raw data collectedI
I
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in these Traffic Studies consist of two parts: diaries of trip characteristics

of members of sample households and socio-economic information about the house-

holds. Data are collected on all trips made during a twenty-four hour period,

by each household member over the age of five. The primary sampling unit is F
the household. Sample sizes vary trom 1% to 7% of the population of the Study

Area, with larger sampling rates used for smaller populations. U
Enough information is collected in each Study Area to obtain estimates of the [
parameters r(t) and ei(t), for the area sampled by the Traffic Study. Study

Areas vary in size considerably. The Tri-State (New York metropolitan area)

Study contained 17 million people and covered an area of 11,000 square miles,

whereas the Pittsburgh Study (P.A.T.S.) contained one and one-half million

people and covered an area of 420 square miles.
1  I

In estimating the parameters it is preferable to derive both the numerators

and the denominators of these ratios from the same set of households. The

information required for estimating the denominators, i.e., the numbers of

persons employed in the different employment categories, is generally available

for the households sampled in an Origin and Destination Traffic Study. This

is usually included in the data on socio-economic characteristics of the house-

hold.

Estimation of the numerators, the numbers of persons in the land use categories

by hour of the day, will usually require some reorganization of the data files. [
Data are routinely collected by Origin and Destination Traffic Studies on the

starting time and arrival time of each trip and on the land use category of

of the origin and destination of each trip. With this information for all the

trips of an individual during a twenty-four hour period, it is possible to

1. See Zettel and Carll (1962). [

II
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determine, for each hour of the day, the land use class that he occupied. A

certain amount of data processing will be needed to establish new files which

provide this information for each person sampled. Techniques for setting up

such files and estimates of costs in terms of programming are included in the

following chapter. It will be seen that this procedure is feasible in terms

of cost and also because it is generally applicable to the many Traffic Studies

that have been conducted.

MODEL 2

This miodel is the same as Model I with the exception of its treatment of retail

trade. The ratios of the number of persons present in retail trade establish-

ments to total number engaged in retail establishments vary considerably between

S.L.A.'s. Statistical evidence of this is given in Table A-9 of the Appendix;

the standard deviation of the "others present" ratio for tracts that are not

downtown is large relative to other standard deviations of the Table. If this

variation between S.L.A.'s is due to differences in composition of the retail

trade industry within S.L.A.'s, disaggregation of retail trade industry and

calculation of separate parameters for each component of retail trade may be

expected to reduce this variation. In Model 2 retail trade is disaggregated

on the basis of a two-digit classification. Parameters are estimated separately

for each retail trade category. Employment data are obtained for each S.L.A.

and for each of these retail establishment classifications.

1: All of these additional inputs may be obtained as indicated in the discussion

of the inputs of Model 1; no other sources of data are needed. The parameters

may be estimated from Traffic Studies, which, in general, use two-digit classi-

fications. Similarly, the variables may be obtained from State Department of

I Employment Security tabulations. Thus, though Model 2 requires more computa-

tions, its inputs are generally as available as those of Model 1.

3 A two-digit classification is recommended in preference to a finer three-digit

one for the following reasons:U
I
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1. It has been observed in socio-economic studies that when strata become

too narrow, relations may become less stable. Furthermore, stability con-

siderations aside, studies of statistical fits to trip data have shown

that there is a point at which increasing the number of classifications

of trip purpose does not yield appreciably better fits.1

2. The tabulations required to utilize the model at this greater level of I
detail would be more costly and would increase considerably the number of

inputs to the model. f
3. The most important reason, however, is due to data limitation&, if

Traffic Studies are to be used to estimate parameters. A survey of Traffic

Studies throughout the country indicated that two-digit classifications are

generally used; in fact, a two-digit classification has been recommended by I

the Bureau of Public Roads. Though detailed land use information is often

obtained in household interviews, the usual rule is to employ a two-digit

classification when processing such data.

in a two-digit classification, the following are retail trade categories suggested

by the Bureau of Public Roads:

Retail trade--building materials, hardware, and farm equipment

Retail trade--general merchandise I
Retail trade--food

Retail trade--automotive, marine craft, aircraft, and accessories F
Retail trade--apparel and accessories

Retail trade--furniture, home furnishings, and equipment

Retail trade--eating and drinkingI

Other retail trade

1. See, f example, Ben, Bouchard, and Sweet (1965). [
[
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The extension of the model so as to include the other factors related to persons

present in retail establishments would require additional data scurces, both

for parameter estimation and for estimates of input variables. Whether or not

this may be necessary will depend upon results of testing Model 2.

MODEL 3

A quick and easy method ior estimating population distributions may be avail-

able for regions that have been surveyed by Traffic Studies or Regional

Planning organizations. Organizations of this type acquire data on the varia-

ble inputs of the model on a more aggregated basis. Areal units used may be

aggregations of about 10 Census Tracts; examples of such areal units in Los

Angeles are City Statistical Areas employed by the City Planning Department,

and LARTS Major Analysis Zones, which were established by the Los Angeles

Regional Transportation Study. Data on total employment for a two-digit indus-

try classification and current estimates of number of school children enrolled

are important for a broad spectrum of regional planning activities. Such infor-

mation may be expected to be incorporated into i. regional data bank at an e.irlv

stage in the operations of a regional planning organization. Advantage may be

taken of such tabulations of input variables by implementing Model 1 or Model 2

for the larger areal units for which such data are reported. Estimates for

S.L.A.'s may then be made by dividing populations equally among the S.L.A.'s

within the larger areal units, or by dividing the population proportionately

among the S.L.A.'s in accordance with some concomitant variable which is readily

available or in accordance with judgments of experts.

This type of model can also serve an additional purpose. Estimates for the

aggregated areal units can be compared with sums of corresponding estimates for

S.L.A.'s obtained from Model 1 or Model 2. Total populations present can be

compared in this way; and, in addition, comparisons can be made of persons

present by land use or industry. Discrepancies will be due either to the

variables (number of residents, number of employees, number of school children)

I'
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for S.L.A.'s not summing up to the corresponding variables for aggregated areal

units, or to the treatment of special institutions of the S.L.A.'s (Z (t)). Ft
Any such discrepancies should be identified, and, where possible, reconciled.

MODIFICATIONS OF THE GENERIC MODEL WHICH REQUIRE ADDITIONAL DATA

The purpose for which a mathematical model will be utilized determines the J
level of detail required of its outputs, and this, in turn, determines the

level of detail of its inputs and interrelationships. Fairly detailed out-

puts will, as a rule, require correspondingly detailed inputs. Data avail-

ability thus plays a crucial role in the implementation of mathematical models.

The tasks of data acquisition and model development need not proceed independently.

The directions in which a data base is expanded can be determined, in part, by

the data requirements of useful models. Similarly, models investigated initiaily

may well be limited to those with data input or calibration requirements which

can be satisfied to a large extent by existing data sources. The models des-

cribed so far are of this type. The question may be raised, at this point,

of what types of models should be explored if data availability is no longer

a significant consideration and a deterrent to the formulation of more elaborate

and presumably more accurate models. It is important to note that the accuracy !
of such models cannot be ascertained in advance; it will be necessary to imple-

ment the models and investigate their outputs before making judgments on their

usefulness. Several modifications of the model may be considered: (1) the dis- I.
aggregation of variables contained in the model, (2) the employment of different

sets of parameters for different regions or for different types of S.L.A.'s, and [
(J) the introduction of additional variables.

The purpose of disaggregation of variables is to permit the use of correspondingly

specialized sets of parameters. This is useful only if parameters for the dis-

aggregated component variables differ from each other. The following are some

initial classification criteria which may prove useful.

1
[I
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1. Number of non-institutional residents, by socio-economic class or by

income as a surrogate for class.

2. Number of employees, by first, second, and third shifts.

3. For retail trade, two sets of parameters for each employment category:

one for the ratios of the number of employees present to total number of

employees, and one for the ratios of others present to total number of

employees.

4. For retail trade, further classification for S.L.A.'s within Central

Business District and S.L.A.'s outside of Central Business District.

5. Number of school children enrolled, by public school and by parochial

school.

The establishment of a typology of regions (e.g., on zhe basis of size and/or

geographic location) or of a typology of S.L.A.'s (e.g., on the basis of distanc'

from Central Business District or socio-economic rating) will sharpen results

if differences among parameters for the categories established have a great

enough impact on modcl outputs. The extent of such differences cannot be

ascertained a prior!; parameter values for thv classiflcations under considera-

tion would have to be estimated from data in Origin and Destination Traftlc

Studies, as described above, or by means of special surveys. Considerable

exploratory work in the selection of categories and estimation of parameters

would be required before these aspects of the model structure are determined.

With regard to the introduction of new variables into the model, recent Investi-

gations of retail shopping patterns are of interest. Factors that have been

studied in .ontiection with the generation of shopping trips include size of

establishment, sales, number of employees, type of retail establishment, area[ serviced by the establishment, proximity to similar or complementary retail

-- -
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establishments, distance from Central Business District.1 Of these, Model 1

includes only the total number of employees. In Model 2, account is also taken i
of the type of retail establishment but not of the additi il factors. Since

all of these factors have been found to be useful in establishing regression

relations in which numbers of shopping trips or numbers of shoppers at different

times of the day are dependent variables, their introduction into the model I
as additional variables may be expected to improve results.

i

I
Ii
I

I. See for example, Cleveland and Mueller (19bl), Los Angeles Regional Trans-
portation Study (1961), Wright (1963), Voorhees and Crow (1965), Fidler (!9bij,
and Sato (19b7). j

[
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CHAPTER FOUR

DAIA SOURCES AND COSTS

BUREAU OF LABOR STATISTICS

The Bureau of Labc Statistics conducts a survey of employment anU hours which

is based on payroll records. Population counts are compiled every three months

by State Employment Security Agencies according to uniform procedures specified

by the Bureau of Empluy. ent Security of the U.S. Department of Labor. Monthly

data are collected from a large samp'e of establishments throughouL the country.

The universe of establishments is stratified by S.I.C. (Standard Industrial

Classification) and by number of employees (six size classes). A shuttle sched-

ule is filled out each month by each respondent; informatlc,, required is obtained

from payroll records. Though cooperation in this survey is voluntary, the response

is considered to be quite satisfactory.

The question was considered of whether it is feasible to take advantage of the

existence of this sampling frame in estimating The parameters e (t). For instace,

would it be possible to add to the shuttle schedule an additional questionnaire

on employees present by hour of the day. Though such information is not usually

recorded by establishments, is possible that Judgments of supervisory per-

sonnel on employees present would be reasonably accurate.

This question was discussed with officials in the Bureau of Labor St:st._.

Their position was that any effort to modify the existing procedure migl.t

jeopardize their survey by antagonizing or discouraging respondents. Thci r

rea-ction to our suggestion was therefore negative; but this matter might berpursued further :hrough channels available to OCD.

r ORIGIN AND DESTINATION TRAFFIC STUDIES

The use of Origin ano Destination Traffic Studies to estimate parameters or to

£ test the model will necessitate a reorganization of existing Traffic Study files

Ii
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so as to facilitate the retrieval of the required information. In this section,

a general strategy for doing this is suggested. In addition, relevant charac- F
teristics of the files of a sample of fivie Traffic Studies are described.

ESTABLISHMENT OF PERSON-PRESENCE FILES

Virtually all files of home interview data collecLed by Origin and Destination

rraffic Studies have certain common characteristics. The file typically con-

sists of two types of records: household and trip. The former contain infor-

mation about the surveyed household, about the dwelling unit the household

occupies, and about individual members of the household. The latter contain

data on each trip taken by a household member on the "travel Jate." The records

are those of sampli points: the usual procedure is to expand the sample char-

acteristics of those of the sampled population by applying appropriate wpights

to each record. Home interview files ' ioped in the several metropolitan

Origin and Destination Traffic Studies differ primarily in the physical format

of the records, coding conventions, and the extent to which nonstandard house-

hol. and person inforn,otion (e.g., occupation and residential movement histories)

has been collectd and incorporated along with the standard trip data. Some-

times, for ease of processing, the person information is repeated in all trip

records for a person; in other cases, the household and person/trip records are

maintaineu in physically separate files. The procedure suggested below applies

to the common logical strucL-tre of home interview files, although it is recog-

nized that programming would have to take into account the actual differences in

physical str-cture among the files.

The plan is to create two types of records, which are based upon the trip records j
in the home interview. The trip records are first ordered on the unique person

ident~fication (ID) code and, within the person ID, on a trip departure time. In

this arrangement, all trips belonging to a person are arrayed chronologically in

the sequence in which they occurred on the travel date. The array represents,

so to speak, the complement of a "person presence" diary that would record the

land use, location, and purpose of the whereabouts of a person during consecutive

[
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I
time periods on the travel date. For each set of trip records pertaining to a

person, two sets of records are produced: 1) Type A is a person record repre-

senting the person-presence on a particular site. The site is identified by its

geographic (e.g., census tract), land-use, purpose (e.g., work, home, shopring,

etc.), and any other desired locational -naracteristics; 2) Type B is a refor-

-- matted trip record containing the essential O-D trip information--to represent

the person-presence in the transportation system ("on the road"). In addition,

each record type contains the start time and duration of the "trip" or "person-

presence" recorded. The figure shows the schematic contents of the two types of

records. Once these records are estimated, estimates of population distribution

by land use and/or census tract may be obtained by appropriate cross-tabulations

or sunm=arizations.

Record Type A (for each "person presence period")

A Person IStart Duain Land Census Proe Other PersonID Time DurationTract Characteristics

_ _ _ _ I Code i_

Record Type B (for each trip)

B I son Start Duration Origi- Origin Destination Destination OtherI rID Time LU Purpose LU Purpose O-D
Character.

Figure 1. Person-Presence Records

jThe process described above can be readily implemented through the facilities

of the MIDAS Processor. The Processor, a subsystem of the 7094 SPAN system, has

been used by SDC on data from the Bay Area Transportation Study for similar types

of processing involving both home interview and land-use inventory data.1

i. See Appendix, page 75.

_



20 December 1968 52 TM-L-41406

COSTS

Contacts were established with administrators of several traffic studies through-

out the country so that estimates could be made of data accessibility and the

costs involved in implementing the procedures described in the previous sec-

tion. A list of people who were helpful in providing the required information

is included in the Appendix. The following are results of this investigation.

Los Angeles Regional Transportation Study (LARTS) Costs

The current LARTS study covers the period January 1967 - October 1967. Days

sampled include weekends, as well as weekdays. The standard Bureau of Public

Roads land use code was used to designate land uses of origins and destinations

of trips, Employment data is included in the household files. Data are coded

to traffic zones, which are convertible to census tracts. In summary, the in-

formation recorded is adequate for the purposes of both parameter estimation and

model validation. The household file contains 200,000 records (about 5 reels

of tape); the trip file contains 300,000 records (8 to 10 reels of tape). The

data will not be zoned and expanded until August of this year at the earliest.

Program and machine requirements are as follows:

I) Personnel desinLpro ram, and test time - 1 man week spent over

a period of 4 to 6 weeks calendar time.

2) Personnel production, run supervision, and check time - 1 man week

spent over a period of 4 calendar weeks.

3) Machine time - 4 hours of 7094 or 7094 emulator time for testing

5 hours for reduction of data and selection of items
desired for retention in the data base I:
5 hours for parameter estimation

6 hours for production of the tabulations broken lb
down by census tract

I
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No difficulty is anticipated in obtaining the data to be copied on to SDC tape

reels. Although this has not been confirmed completely, it appears quite cer-

tain that the maximum cost of obtaining the data would be for machine time spent

in Sacramento doing the copying. On a small computer this could amount to appro-

ximately five hours and cost between 300 and 500 dollars. There would be an addi-

tional small charge for mailing and handling.

San Diego Costs

The San Diego study covers the period May 1966 - December 1966. Questionnaire

and codIng procedures are almost identical with that of LARTS. The most striking

dIfference between the two studies is in the volume of data. San Diego has about

85,000 household records (about 2 reels of tape) and about 150,000 trip records

(about 3 to 4 reels of tape). Thus, the volume is about half that of LARTS.

As with LARTS, it is expected that the data will be expanded and zoned by August

of this year.

Program and machine requirements are as follows:

I) Personnel design, program, and test time - 1 man week spent over

a period of 4 to 6 weeks of calendar time.

2) Personnel production, run supervision, and cherk time - 1 man week

spent over a period of 4 calendar weeks.

3) Machine time - 4 hours of 7094 or 7094 emulator time for testing

3 hours for selection of items desired for retention

In the data base and reduction of the data

2 hours for parameter estimation

3 hours for production of the tabulations broken
down by census tract

K
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F
Data accessibility is the same as for LARTS with the exception that the cost F
and time required to copy the data would be about half.

Bay Area Transportation Study (San Francisco) (BATSC) Costs F
The Bay Area Transportation Study (San Francisco) covers the period May 1965-

December 1965. The sample is distributed over all days of the week including

week-ends. Sampling rate was 4 %. The data includes walking trips which

are excluded from most other studies. The origin and destination land use F
code is that recommended by the Bureau of Public Roads, with some additions.

The employment status of each person interviewed is included. Correspondence

data is available to convert from areal zones used in the study to census

tracts. The volume of data ii on the order of 98,000 person records (5 reels)

and 280,000 trip records (8 reels).

Program and machine requirements are as follows:

1) Personnel design, program, and test time - 1 man week spent over a

periud of 4 to 6 weeks calendar time.

2) Personnel production, run supervision, and check time - 1 man week

spent over a period of 4 calendar weeks.

3) Machine time - 4 hours of 7094 or 7094 emulator time for testing

4 hours for reduction of data and selection of items
desired for retention in the data base I.
4 hours for parameter estimation 1
5 hours for production of the tabulations broken
down by census tract

Data is immediately available. Costs of obtaining the data are the same as

for LARTS. I
I;
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Chicago Area Transportation Study (CATS) Costs

The CATS survey is older than the others and covers the period April 1956 -

October 1956. Only weekdays were included. Employment is included in trip

records, which contain industry and occupation. Census tract is recorded for

household location but not for trip ends. Trip origin and destination are

coded to CATS Analysis Zones and are convertible to census tract (1950).

There are about 57,000 household records 'I reel of tape) and 247,000 trip

records (2 reels of tape).

Program and machine requirements are as follows:

1) Pesonnel design, prngram, and test time - 1 man week spent over

a period of 4 to 6 weeks calendar time.

2) Personnel production, run supervision, and check time - I man week

spent over a period of 4 calendar weeks.

3) Machine time - 4 hours of 7094 or 7094 emulator time for testing

4 hours for reduction cf data and selection of items

desired for retention in the data base

4 hours for parameter estimation

5 hours for production of the tabulations broken
down by census tract

With regard to data accessibility, the time and cost of copying data would be

about one-fourth or one-third of that for LARTS.

TRI-STATE Costs

The Tri-State Transportation Commission (New York metropolitan area) home

interview survey covered a twelve month period, August 1963 through July 1964.

The sample was a 1% sample of households drawn from utility company files and

New York City Health Department records. Weekends and holidays were excluded
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from the sample. The data include some walking trips--namely walk-to-work trips.

Employment data are included. The land use code for origin and destination of

trips is a two-digit code adopted from the SIC code, but antedating the Bureau

of Public Roads c-de. Census tract is Included in the records. Trip records

exist both in linked and unlinked forms, and factored and unfactored forms. The

files contain 237,000 linked trip records, blocked in ten 355-character logical

records per tape block.

The program and machine requirements are about the same as for CATS. Release

of the home interview files in source record form may require negotiation with

the Bureau of Public Roads.

DATA AVAILABILITY IN LOS ANGELES COUNTY

A brief survey was conducted in Los Angeles County to determine the extent to

which input requirements are available for the model or for modifications of

the model discussed above. It was found that although some cleaning and

adjustment may be necessary, an adequate base of information on employment

and school attendance does exist, so that the variable input requirements of

the model can be satisfied. The following is a b.ief account of the results

obtained from the survey.

NUMBER OF EMPLOYEES

Data are available at the State Department of Employment office. Information

comes in quartt'rly but the data are updated everv two years. Data on paper

forms DE 4012A include: tax year, quarter, number of employees, city, county,

SIC (4-digit), name, address. J
The information covers only employees under State disability compensation

insurance, and files are maintained only for firms employilg ten or more.

A survey is also made of government and other non-covered employees by site. [

A



20 December 1968 57 TM-L-4146

The address shown is the tax address. Some firms operating from several loca-

tions may report through one address. Although some attempt Is made to divide

employees by site, the results may not be ,ery accurate.

The SIC code given is for the primary activity of the firm only. In cases where

I firms engage in more than one activity the information is incomplete.

Construction employment is not available in the basic file. A survey of such

employine-t is conducted but the data may be incomplete.

I L.A. County Regional Planning Commission, the Southern California Association

of C vernments and the Department of Employment are investigating a new data

system which will include all sites and all employees. This system is expected

to be operational by 1970.

As an additional source of employment information, Dun & Bradstreet maintains

a magnetic tape of information on manufacturing, transportation and utility

firms. Name, address, SIC code (4-digit), number of employees and sales infor-

mation are included on the tape. The L.A. County Regional Planning Commission

has added Census tract number to its copy of the tape. This copy is available

for L.A. County work, but for other activities it will be necessary to purchase

j the tape. The tape is updated yearly by Dun & Bradstreet. L.A. County has

found some errors, but in general the tape is of high quality.

HOURS AND DAYS OPEN

No single agency collects these data although some dati for retail businesses

are included In License Applications in a few cities. The information is LOO

variable to be easily collected; changes in season, contracts and so forth change

the hours. At present, no plans are being made to gathcr these data.

I~
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I
NUMBER OF EMPLOYEES PRESENT BY HOUR [
No single agency collects these data. Such data are not generally available,

although some questionnaires have asked this question. As far as could be

ascertained, there are no plans at present for gathering this information.

PERSONS OTHER THAN EMPLOYEES PRESENT BY HOUR

No single agency collects these data. Such data are not generally available

though some questionnaires have asked this question. Aerial photos could be f
used to obtain estimates of numbers of cars in parking lots from which persons

present could be inferred.

SIZE OF FACILITY

The L.A. County Assessor has information on facility floor areas, but the infor-

mation is almost inaccessible because of Assessor office procedures. At presert,

the information is in manual paper files which the assessor has not made available;

however, as the files are automated the information may become available.

VALUE OF SALES

Data on taxable sales are kept by the California State Board of Equalization;

data on Industrial sales are available through Dun & Bradstreet. In both

cases, the data are on magnetic tape and are updated regularly. The Infcrma-

tLion is keyed to address.

Disclosure rules may affect the ava-lability of Board of Eoualization informa-

tion, however, if the data are segregated and used by a publi, agency, they I
may be released.

NUMBER OF STUDENTS

Data on school enrollment are available through the L.A. County Superintendent L
of Schools' office. The data are on paper forms and are keyed to school and

[
K
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7

to school district. They are updated two times a year, October 1 and March 1.

I They cover elementary, Jr. High, High, Jr. College, and Adult Classes; also

included are counts of faculty and staff. Private and parochial schools aref not covered. The Catholic school information is available through the Catholic

School Office of Los Angeles.

AVERAGE DAILY ATTENDANCE

Data are available through the L.A. County Superintendent of Schools office.

The data are on paper forms and are maintained by school districts.

NUMBER OF PERSONS PRESENT IN HOSPITALS

V The Hospital Planning Association of Southern Califoraia gathers information

on hospitals for the SCAG (Southern California Association of Governments)

Region. Hospital address is not coded to census tract. The data collected

includes the number of licensed beds for each hospital and also information

in specific occupancy on an annual basis, e.g., the number of patient days

ptr hospital per year. At present, these items are updated annually, but the

Association is attempting to develop a semi-annual update system. The infor-

nation is in paper files.

The hospitals covered are the "Acute Care" hospital,. Convalescent hospitals

I and >zenior citizen homes are not included.

AERIAL PHOTOGRAPIh

A brief investigation of costs and current techniques using aerial photographs

was conducted to see if this method is feasible for making estimates of the

population in particular areas. Such estimates might be useful for special

V institutions such as beaches or recreational facilities and also for checking

,tnd comparison with other estimates. Counts could be made of people either

directly, or indirectly through the count of automobiles.

I.
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To be able to make accurate counts of the numbers of people in qfreets, on the

beach, or in any open area from aerial photographs, a fairly high degree of

resolution is required. Photograph enlargements, one way of obtaining the

resolution sufficient for such counts, entails several processing steps which I
may affect the final quality of the enlargements. Considerations of sharpness,

resolving power, light quality and definition will influence the quality of

the final enlarged ptints.

Approximately 90 percent of the total cost for aerial photographs is in the

enlargement process. One estimate received indicates that to enlarge a photo-

graph tk.ien from a 6,000 foot elevation of a rectangular area 2,250 ii width

and 4,500 in length to bring the scale to where personnel counts could be made

With the unaided eye would cost approximately $550.

BecauL', of the significant costs involved in enlargements, it would seem more

pr ,-tical both frori a cost and resolution standpoint to utilize readily avail-

able optical scanners and other aids to increase image size rather than to rely

on an extensive enlargement process of photo~rapiic negatives.

i

Ii

i
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CHAPTER FIVE

CONCLUqION AND RECOMME~NDAT ION FOR MODEL VALIDATION

It is a conclusion cf this study that the model which is described above is a

potentially useful tool for predicting population distribution by hour of the

day and by S.L.A. in formulating the model, an effort was made, on the one hand,

to restrict input requirements to generally available data, so that the model

could be implemented in towns and cities throughout thle nation with a minimum of

supplementary data collection. And on the other hand, tue model was designed

so as to utilize all regularly collected relevant statistics, as well as result.,

of related spec il surveys which may have be, ai made in individual regions. The

goal was to develop a model that is sufficiently flexible to include as, inputcs,

wherever possible, ,4nppitent,1ary locail data on population 2istrib uion, as well

as rout inelv cul lect ed peruAt ion and em, lov\"ent stat ist ics ofthc 1'.S. Census

Bureau an,'~ the Blureaul Of Labor Statistics, school attendance records,- of school

hoair's, and i nfor,.-.,t ion der iced from Or ig in and Des tinat ion 1'raifi C StudIes.

!'he next step in the dt2%e icp7,ent of the model is to test it. 'Lherc" is 11' other

way to det ermine the accurac v with .hich the mode] descr0hes the dis tribution

Of the popjUa',t110r. in S.. son an hourly basis. Ab ind icatk in ChLapter To

there are, however, alt ernat ice methods for testing , which are- dependent. on the

allowable bud*get and the prko iuct deszired.

!1Y ftar thec cheapest of t0'ese val1idait ion met hods i s to us;e ain Or i n Pcnd Pet i -

nat fon ;iirvev to k, vC t iit e t he spa,.t io-t emPoralI popula it i on d I st r ibut ion, and t o

corpare t0e res ults- with outputs of thle mod elI in the selet ion ot a reg Ion f'or

maF.in this tvype of cOMPari ;on , factors to he considered are .v laiit;of

Traffic Study data, and the feasibil ity of running the mode-l for the samei

S.L.A. '5, vear, and season as were employed in thie Traffic Stud\:. I fa ar'

recunt Origin and Destinat ion suir\vy is used for testi~ng t, eodel 2, ne

expert the collection of data for :stimating v'-riable ioputs; to 1ev ciit~~
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" Data for the input variables of the model would be collected

throu~gh survey of various agencies. these data would include for

each S.L.A.: the number of non-institutional residents; the

number of institutional residents; the number of employees of

industry; the number of elementary and high school students

enrolled; the number of special institutions which have to be

considered separately; and the number of persons expected to be

present in special institutions at designated times.

* From the Origin and Destination study an' -rom school records, the

following parameter inputs to the model juld be generated for

each hoi : the proportion of residents at home; the ratio of persons

present (employees and others) to the total number of employees in

industry; the ratio of persons present (students and others) to the

total number of students enrolled; and the proportion of persons

enroute.

" Using the above variable and parameter inputs, the model would be

implemented so as to obtain estimates of the numbers of persons

present in each S.L.A. and for each hour of the day.

" The next step is to compare the model outputs with those obtained £

in some other manner. The comparison will be made with estimates

that are derived from The same Origin an4 DpO-ination survey data.

For each time period, the population distribution among S.I.A.'s

of the region will be estimated from trip records. As indicated

in Chapter 4, person-presence records can be established for the

respondents of the survey so as to facilitate the required compu-

tations.

I"
L
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The parameters artL regional averages; in the model, they are assumed to be corn-

stant for the S.L.A.'s of the region. Deviations from these regional averages

among the S.L.A.'s of the region will be reflected in differences between the

*. model outputs and the direct estimates obtained from the survey sample.

This initial test is not designed to study regional and sea-onal variations of

parameters and variables. Initially, wherever possible, parameter and variable

inputs of the model, on the one hand, and numbers of persons present in SL.A.'s,

on the other hand, are estimated for the same region, year, season, and days of

the week. The sensitivity of model outputs to changes in regional or sea--nal

factors may be determined from comparisons under various combinations of these

factors.

The next stage in testing is to investigate variations of parameters among

regions, for the applicability of this methodology to regions throughout the

nation will depend upon the magniti.-les of these regional differences. This will

require estimation of parameters from Origin and Destination survey data for

different regions, and implementation of the model with alternative parameter

values. The procedure is analogous to that described above for the initial test.

Finally, it may be noted that though this discussion assumes that the areal unit

of interest is the S.L.A., this same model may be implemented for larger units,

and the testing procedure described above applied to these units. In general,

the larger the units the lower will be the costs of data collection. More aggre-

quick and easy method (Model 3) described in Chapter Three for deriving S.L.A.

estimates from more aggregated ones can be experimented with and outputs tested

as indicated above.

II
Ii
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rABLE A-!

RATIO OF NUMBER F PERSONS PRESENT AT HOUR OF THE
DAY TO NUMBER OF PERSONS PRESENT AT 4 P.M, DURING
AN AVERAGE SUMMfrER WEEKDAY FOR RESIDENTIAL AREAS.

Grand Minn. Phila.]
Time GIty~ Erie Flint Rapids St. Paul Camden

1LA 1.354 124.3 1.3561.6

21.34 1.0 .8 I .6 1.271

31.456 1.327 1.374 1.358 1.272

4 1.361 1.204 1.256 1.303 1.219

8 1.253 1.156 1.154 1.318 1.21

9 1.186 1.127 1.098 1.071 1.060

10 1.139 1.092 1.065 1.047 1.045

11 1.104 1.041 1.033 1.020 1.023

12 1.082 1.022 1.023 1.004 1.095

1 PM 1.075 1.029 1.038 1-006 1.005

2 1.047 1.004 1 1.006 .992 .996

3 1.013 .992 .977 .989 .984

4 1.000 1.000 1.000 1.000 I 1.000

5 1.085 1.053 1.063 1.057 1.033

L6 1.193 1.112 1.226 1.225 1.155
7 11.206 1.081 1.218 1.258 1.209

'.150 1.037' 1.126 1. 19f4 198

1:1.125 1.062 1.151 1.213 1.205

10 1..164 1.134 1.227 1.260 1.219

11 1.191 1.182 1.293 1.302 1.231

12 1. 227 1.234 1.370 1.333 1.246

Source: Table 1, Appendix A, of University of North Carolina (1952).

Ln
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RATIO OF NLMBER OF PERSONS PRESENT AT HOUR OF THE
DAY TO NUMBER OF PERSONS PRESENT AT 4 P.M. DURING
A; AVERAGE SUMMER WEEKDAY FOR COMIERCIAL AREAS.

Grand Minn. Phila.
ity Flint Rapids St. Paul I Camden

AM 200 133 .222 274

2 186 .124 .209 .274

3 .186 .106 .209 .268

4 .186 106 .209 268

5 .171 .106 .196 .268

6 171 .106 .203 .274

7 200 .150 .229 301

8 286 .327 .464 .438

9 .514 .699 .804 .752

10 .757 .876 .941 .922

11 .928 1.035 1.020 1.007

12 .971 .991 1.046 1.052

1 PM .971 ..956 1.052 1.078

2 i.guo 1.061 1.078 1.098

3 .985 1.106 1.078 1.085 j
4 1.00' 1.000 1.000 1.000

5 .900 .752 .725 .804 .

6 .386 .239 .379 .431

7 .386 .204 .340 .392

8 .557 .380 .405 .418

9 .514 .389 .405 .416

10 .185 .310 .353 366

11 .271 .221 .288 .333

12 .214 .141 .235 288

Source: Table 1, Appendix A, of University of North Carolina (1952). 1
I
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TABLE A-3

RATIO OF NUMBER OF PERSONS PR .....T A! HOUR GF THE
DAY TO NUMBER OF PERSONS PRESENT AT 4 P.M. DURING
AN AVER-NGE SUMMER WEEKDAY FOR INDUSTRIAL AREAS.

I Grand Minn. Phila.
City Erie Flint Rapids St. Paul Camden

1 AM .614 .457 .438 .607 .354

2 .610 .279 .458 .607 .338

3 .610 .193 .451 .600 .338

4 469 .136 .458 .593 .338

5 .469 .143 .471 .593 .354

6 .474 .300 .484 .607 .354

7 .570 .864 .76D .679 -4o2

8 .903 1.007 1.065 .879 .815

9 1.053 1.071 1.190 L.0sU 1.015

10 1.053 1.086 1.209 1.064 1.046

11 1.0- 1 1.107 1.196 1.064 1.046

1.026 1.100 i.183 1.057 1.046

i PM 1.000 1.079 1.111 1.057 .U31

2 1.000 1.150 1.163 1.057 1.031

3 1.044 1.278 1.176 1.057 1.046

4 1.000 1.000 1.000 1000 1.000

5 781 .829 .745 .757 .646

b 618 .664 .608 .629 .431

7 .601 .664 .608 .621 .415

I 8 .583 .657 .536 .643 .415

9 .579 .679 .536 .657 .415

10 .579 .693 .523 .650 40"

11 .590 .729 .516 .629 .400

12 .588 1 .600 .so 614 .369

Source: Talle 1, Appendix A, of University of North Carolina (1952).
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TAB: A-

RATIO OF NUMBER OF PERSONS IN MOTION TN VEHICLES

AT BE ;iXING OF EAC! HOUR PERIOD TO NUMBER OF PERSONS
IN MOTION IN VEHICLES AT 4 P.M. DURING AN AVERAGE

SUMMER WEEKDAY.

Grand Minn. Phila. [
Time \City Flint Rapids St. Paul amden

1 AM .123 .086 .092 .086

2 .186 .043 .015 .057 1
3 .082 ,057 .000 .029

4 .051 .029 .015 .029

5 .051 .029 .045 .05?

6 .165 .157 .108 .171 I
7 .371 .814 .492 .171

8 .433 .886 1.400 1.800 V

9 .351 .443 .631 .971

10 .361 .343 .508 .400

11 .433 j57 .585 .429

12 .600 .457 .692 .457

1 PM .600 500 .662 486

2 .01j .:uu .iud 54J

3 .753 .657 .769 .714

4 1.000 1.000 1.000 1.000

5 .804 1.329 1.661 2.057

6 .732 .971 .985 1.600

7 .763 .786 .631 .629

8 .856 1.042 .923 .686 1,

9 .722 1 L!1 '16 .-,

10 .57 .686 .569 .457 [
11 .361 .500 .400 .486

12 .278 .129 .262 430

Source: Table 1, Appendix A, of University of North Carolina (1952).
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TABLE A-9

MEANS AND STANDARD DEVIATIONS OF RATIOS OF NUMBER'S OF
PERSONS PRESENT (E.MLOYEEq AND OTHERS) AT 2:311 P.M.
~10 TOTAL E-MLOYMEINT FOR FOUR CITIES *ON AN AVERAGE
'V%'EEKDAY IN jA-NU-ARY 1956.

--- EMPLOYEES
INDUSTRY AND LOCATO PRESENT ____I PRESENT

- ~~~ ........................ _ _ _ _ _

- I /

Mean Standard Mean Standard
Deviation Deviation

* Retail TradeI

Downtown Tra ts .85 .05 .54 .09

0 -e-rat

.0 - 1

TBOther Tracts .77 .09

EMPLOYREal OTstate

Downtown Tracts .83 .05 .13 .05
* Other Tracts .71 .0 .75 .32

anfactes urn e , i

th Downtown Tracts .89 .09 13 i 5

Other Tracts .77 .04 .2 .1

Tue c tiis are oae , t. Lis an o the Cens ex9et)i
te Downtown Tractsage fWi

S]IOurce s Copttin.rebsdondt--nBreuo-heCnus.9
l Do' ~Ttle n r age s 41.05.8 0

Oth r T act .7 .i .3 ,1 _

B -0
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rFIGRE A-3

URBANIZED AREAS IN WHICH ORIGIN AND DESTINATION

TRAFFIC STUDIES HAVE BEEN MADE.

STATE URBANIZED AREA

Alabama Birmingham, Gadsden, Huntsville, Mobile,
Montgomery, Tuscaloosa

Arizona Phoenix, Tucson,

Arkansas Fort Smith, Little Rock-North Little Rock,
Pine Bluff

California Bakersfield, Fresno, Los Angeles-Long Beach,
j,,nard, Pomona-Ontario, Sacramento, Salinas-
Monterey, San Bernardino-Riverside, San Diego,

San Francisco-Cokland, San Jose, Santa Barbara
Stockton,

Colorado Colorado Springs, Denver, Pueblo

Connecticut Bridgeport, Hartford, Meriden, New Britain,
New Haven, Norwalk, Stamford, Waterbury

Delaware Wilmington

District of District of Columbia V
Columbia

Florida Ft. Lauderdale-Hollywood, Jacksonville, Miami,
Orlando, Pensacola, St. Petersburg, Tallahassee,

Tampa, West Palm Beach

Georgia Albany, Atlanta, Augusta, Columbus, Macon,
Savannah

Hawaii Honolulu

Idaho Boise

Illinois Aurord, Bloomington-Normal, Champaign-Urbana, Chicago-

N.W. Indiana (Cook, DuPage Kane, Lake, MeHenry, and -
Will counties, Illinois portion), Chicago-N.W. Indiana

! -

.=I
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STATE URBANIZED AREA

Illinois (Lake County, Illinois Portion , Davenport-
(Cori t 'd) Rock Island-Moline, Lecatur, Joliet, Peoria,

I Rockford, Springfield

- Indiana Anderson, Chlcago-Ntw. indiana (Lake. and
I Porter Counties, Indiana portion) , Evansville,

Fort Wayne, Indianapolis, Lafayette-West
Lafayette, Muncico, South Bend, Terre Haute

Iowa Cedar Rapids, Davenport-Rock Island-Moline,
Des Moines, Dubuque, Omaha-Countil blu'rfs,
Sioux City, Waterloo

Kansas Topeka, Wichita

Kentucky Lexington, Louisvil"le

Louisiana Baton Rouge, Lafayette , L ake Charles, Monroe,
* New Orleans, Shreveport

Maine iLewiston-Aubvurn, Portland

Maryland Baltimore

Massachusetts Boston, BrOLkton, Fall River, Fitchburg-
Leominster, Lawrence-Haverhill., Lowell, New
B~edford, Pittsfield, Springfield-Chicapee-
Holyoke, Worcester

Michigan Ann Ar'bor, B.,; City. Detroit, Flint, Grand
Rapi~s, Jackson, Kalamazoo, Lausing, Muskegon-

4W Muskegon Heights, Saginaw

Minnesota Duluft.-Superior, Minneapol is-St - Paul

Mississippi Jackson

Missouri Kansas City, St. Joseph, St, Louis, Springfield

J Montana Billings, GrteaL Fdils

Nebraska Lincoln, Omaha-Council Bluffs

Nevada Las Vegas, Reno
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STATE URBANIZED AREA

New Hampshire Manchester

New Jersey Atlantic City, Trenton

New Mexico Albuquerque i

New York Albany-Schenectady-Troy, Binghamton, Buffalo,
New York, Rochester, Syracuse, Utica-Rome

North Cirolina Asheville, Charlotte, Durham, Fayetteville,
Greensboro, High Point, Raleigh, Wilminton,
Wins ton-Salem

North Dnkota Fargo-Monrhead

Ohio Akron, Canton, Cincinnati, Cleveland, Columbus,
Dayton, Hamilton, Lima, Lorain-Elyria, Mansfield,
Springfield, Steubenville-Weirton, Toledo,
Youngstown-Warren

Oklahoma Lawton, Oklahoma CiLy, Tulsa

• regon Eugene, Portland, Salem

Pennsylvania Allentawn-Bethieheu, Altoona, Erie, Harrisburg,
Johnstown, Lancaster, Philadelphia, Pittsburgh,
Reading, Scranton, Wilkes-Barre, York

Puerto Rico Mayaguez, Ponce, San Juan

Rhode Island Providence-Pawtucket

South Carolina Charleston, Columbia, Greenville

South Dakota Dioux Falls

Tennessee Chattanoogn, Knoxville, Memphis, Nashville

Texas Abilene, Amarillo, Austin, Beaumont, Corpus
Christi, Dallas, El Paso, Fort Worth,
Galveston Tcxas City, Harlingen-San Benito,
Houston, Laredo, Lubbock, Midland, Odessa,
Port Arthur, San Angelo, San Antonio, j
Texarkana, Tyler, Waco, Wichita Falls

I
I
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STATE URBANIZED AREA

Ujt a h Ogden, Provo-Orem, Salt Lake City

Virginia ILynchburg, Newport News-Hamptu., Norfolk-
Purtsmouth, Richmond, Roanoke

Washingtcn Seattle, Spokane, Taccma

West Virginia Charleston, Huntington-Ashland, Wheeling

Wisconsin Doluth-Superior, Green Bay, Kenosha, madison,
Milwaukee, ~cn
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CONTACTS WITH TRAFFIC STUDY PERSONNEL

Communication was established with the following administrators of Traffic
Studies :

LARTS and San Diego

Mr. Charles G. Beer, Urban Planner

Mr. James Frank, Urban Planner

Mr. J. A. Legarra, State Highway Engineer

Mr. Norman P. Roy, Statistical Analyst

BATSC

Mr. Jay McBride, Technical Director

CATS

Mr. John J. Howe, Supervisor, Data Services Division

TRISTATE

Mr. William Harting, Chief of Data Services 1.
Mr. Max Schwartz, Chief of the Data Processing Division

_ _ _ _ _ _l
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CONTACi3i WITH THE BUREAU OF LABOR STATISTICS

lThe fol.owing individuals discussed with SDC the feasibility of adding an

additionai questionnaire to the BLS Payroll Survey:

Mr. Robert 0. Dorman
Chief, Industry and Employment, Statistics Division

, aL. Harold GoLdsL c in
As31itant Commissioner for Manpower and Employment

,* I

L
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SPAN AND MIDAS: LARGE-SCALE DATA MANAGEMENT AND ANALYSIS I  [

The SPAN system implemented at the Bay Area Transportation Study Commission was

developed specifically to deal with certain aspects of transportation study data

management. SPAN includes standard file manipulation and data reduction capa-

bilities, matrix operations, statistical processes, plotter display capabilities

and report generation. SPAN was originally designed to support the Penn-Jersey

Transportation Study, and was completed in support of the Bay Area Transportation [
Study. The system operates on the IBM 7094 computer and includes a library of

generalized programs for file processing, statistical analysis and graphic dis-

play. These programs operate on data supplied to them and the specific elements

of each operation are defined by parameters. The parameters are provided through

an English-text Job control language which includes the ability to specify data

transformation algorithms and data stratification rules. A SPAN application

consists of a sequence of Job steps, each invoking a particular processing F
capability in an arbitrary order dete-mined by the user. Tht data structures

upon which SPAN operates are self-defining so that the required information about

data format and coding is automatically communicated from module to module of

the system.

A teature which has greatly redfaced the costs of assimilating into the SPAN C
system bodies of data required to support various statistical studies is the

self--describing MIDAS (MIxed DAta Structure) file which permits the automatic

processing of a large population of already existing BCD files. The processing

subsystem designed to handle these files was developed specifically to handle

origin and destination, land use inventory, and other survey-type data for

the Bay Area Transportation Study. The MIDAS Processor permits the user to

accept inputs whose records are not uniform, and from them construct files [
arrayed hierarchically according to an organizing Acheme expressed at execution

time. From an existing Home Interview File or from raw inputs, MIDAS can

produce a multi-level organized file based on the necessary criteria, such

I. Taken from TM-3920/000/01, "An Information System to Urban Transportation
Planning: The BATSC Approach," 15 M~y 1968, pp. 17 & 18.

I
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(Page 84 blank)

as mode of tran3portation within travel purpose within zone of destination

within zone of origin. The data can be selected to exclude automatica.lly thos'

entries not germane for the particular analysis, such as trips not involving

automobiles. The same set of inputs may be used, with different organization

and selection keys for different puiposes. MIDAS accepts a simple parameter

language which controls the selection and organization of data, the transfor-

mation of data according to arithmetic or logical rules, the amalgamation of

Idata, and the summarization of data. It includes a flexible report generation

capability. Th,,s complex files of varying structure, which in normal data pro-

cessing shop experience have been quite difficult to process, can be reduced

by relatively simple operations.

SPAN makes it possible to perform a variety of computations on data, from simple

tabulation (such as totalirg the number of cars) to the less common data analysis

l operations of factor and icgression analysis and matrix processing. Information

may be organized by arbitrary geographic boundaries through a grid coordinate

selector (point-in-polygon) technique, and results of operations may be recorded

in i variety of forms including computer printout and graphic plots. The out-

put from any SPAN operation may be used as input to a subsequent SPAN operation

without intermediate action; in fact, a sequence of tnrelated operations can

be linked together in a single compute- run.

A

i i
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IABBREVIATIONS

I
BATSC - Bay Area Transportation (San Francisco) Study

CATS - Chicago Area Transportation Study

ID - Identification

LARTF - Los Angeles Regional Transportation Study

LU - Land Use

MIDAS - System for processing files, which was especially

developed for the Bay Area Transportation Study.

SLA - Standard Location Area

SPAN - Libr ry of generalized programs for the manipulation

and statistical analysis of large bodies of data.

IR I -STATE - New York Area Transportation Study

1
I
l
I
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